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x  图像展成的一维信号向量 
Z  x 对应的二维图像 
y  测量向量 
UF  测量矩阵 
F  傅里叶变换 
Ψ  反向稀疏变换 
α  稀疏变换系数 
*α  优解 







jR  图像块分割算子 
θ   待选方向的几何 
,j dθ   第 j 个块的第 d 的待选方向 
( ),j dθP   根据方向 ,j dθ 进行重新排序的算子 
TΦ   对图像 x 的二维正向小波变换 
D  字典 
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中  文  摘  要 
缩短磁共振成像（Magnetic Resonance Imaging, MRI)的扫描时间有利于扩展
磁共振成像的应用。压缩感知在 MRI 领域展示出了很好的应用前景，该技术通
过减少 k 空间采样数据来加快成像。根据压缩感知理论，图像的稀疏表示能力











































 Sparse Image Reconstruction with Directional Wavelet in 
Redundant Wavelet Domain 
 
ABSTRACT 
Reducing scanning time is significantly important for MRI. Compressed sensing 
has shown promising results by undersampling the k-space data to speed up imaging. 
Sparsity of an image plays an important role to reduce the image artifacts in 
compressed sensing MRI. Recently, patch-based directional wavelets (PBDW), 
training geometric directions from undersampled data, have been proposed to 
preserve edges better than conventional sparsifying transforms. However, artifacts are 
still presented in the reconstructed images when the data are highly undersampled. In 
addition, the original PBDW-based method does not hold obvious improvement for 
radial and fully 2D random sampling patterns. To overcome these limitations, in this 
thesis, the PBDW-based MRI reconstruction is improved basing on two aspects: 1) An 
efficient non-convex minimization algorithm is modified to improve the image quality; 
2) PBDW is extended into shift-invariant discrete wavelet domain by enhancing the 
ability of transform on sparsifying piecewise smooth image features. Numerical 
simulation results on vivo MR image demonstrate that the proposed method 
outperforms the original PBDW on preserving edges and removing artifacts. In 
addition, PBDWS is adopted as a sparsifying transform for image inpainting. Results 
show that the proposed method outperform traditional 2D wavelet-based inpainting 
method in terms of recovering edges and peak signal-to-noise ratio.  
 



























Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
